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Figure 1: Experimental setup. PSLBs are pre-
pared on hydrophilic functionalized porous
silicon nitride substrates and prepolymerized
F-actin is bound to them. The mechanical prop-
erties of the composite are determined by force
indentation measurements.
500a Tuesday, February 18, 2014A, current pulses are observed through the lipid bilayers from the graphene to
the electrolyte. By careful measurement and analysis of the appropriate circuit
elements in an equivalent circuit model, we confirm that the ion channel cur-
rent in our setup directly charges the quantum capacitance of the graphene, a
qualitatively different type of interaction than tradition SLBs with metal
electrodes.
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Small changes in the lateral organisation of components within the plasma
membrane can cause dramatic effects on cellular function. As a result, the
mobility of both transmembrane and single leaflet species has been the subject
of intense study. A particularly appealing description of the cell membrane
that has emerged in the past decade is that of the picket-fence model, based
on high-speed single particle tracking of metallic nanoparticles on living
cells. Nevertheless, there have been numerous reports that have questioned
the validity of such approaches due to possible artefacts caused by the size
of the label, the roughness of the membrane, or the precision of the imaging
approach.
Here, we used high-speed single particle tracking with interferometric scat-
tering microscopy (iSCAT) with 1 nm spatial and 10 microsecond temporal
accuracy of metallic nano particles as small as 20 nm to investigate the
existence, role and mechanistic origin of time-dependent mobilities of
membrane components in lipid bilayers. Using supported lipid bilayers as
a model system, we demonstrate that surface-immobilization of GM1 on
the lower leaflet induces anomalous subdiffusion of cholera toxin-bound
GM1 in the upper leaflet. At the same time we show, by chemically modi-
fying the lipid chain of GM1, that interleaflet coupling is a necessary
element for the observed sub-diffusive behaviour. The observations are in
excellent agreement with a simple barrier and valley model responsible
for the onset of anomalous diffusion, in this case caused by pinned GM1
molecules on the lower leaflet. Our results demonstrate the validity of
high-speed tracking using nanoparticle labels and present a general mecha-
nism for communication across lipid bilayers in the absence of transmem-
brane components.
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While giant unilamellar lipid vesicles (GUVs) have proven to be useful tools
for probing the properties of biomembranes, the incorporation of integral
membrane proteins into GUVs of controlled composition has remained chal-
lenging. We have developed a simple method for incorporating integral
membrane proteins into the GUV membrane. Detergent-solubilized proteins
are dissolved in an agarose hydrogel, which is spread as a thin film on a solid
substrate. Lipids of the desired membrane composition are then deposited on
top of the partially dehydrated, protein-containing hydrogel. The entire sys-
tem is swollen with buffer following previously published protocols for form-
ing GUVs from hydrogel-supported lipid films. The final detergent
concentration in the rehydrated system is significantly lower than the critical
micellar concentration of the detergent used to solubilize the membrane pro-
tein, which is transferred to the lipid bilayer of the GUV. GUVs form reliably
and with good yield at a wide range of buffer ionic strengths and lipid com-
positions. High-molecular weight species can be encapsulated within the
GUV interiors by including them in the rehydration buffer. We have used
this system to demonstrate the cholesterol-dependent phase segregation of
the alpha-helical transmembrane proteins aquaporin SoPIP2;1, aquaporin-Z,
and bacteriorhodopsin. In lipid systems expected to undergo liquid
ordered-liquid disordered phase segregation, these three proteins all consis-
tently co-segregate with the cholesterol-poor phase as cholesterol concentra-
tion is varied from 20 to 50 mol%. We have also incorporated the human
glucose transporter GLUT1 into GUV membranes and demonstrated its func-
tion. GUVs were fabricated encapsulating an enzymatic glucose assay with a
fluorescent output. These GUVs were then immobilized in a microfluidic
channel and a buffer containing glucose was introduced. Fluorescence was
observed only in those GUVs fabricated with GLUT1 present in the agarose
substrate.2533-Pos Board B225
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The cortical cytoskeleton attached to the plasma membrane is an essential me-
chanical component within the cell. It regulates fundamental processes
including cell division, motility and shape. In order to investigate how the in-
dividual components of the cortical cytoskeleton contribute to the mechanical
properties of the plasma membrane, a model system was established. Pore
spanning lipid bilayers (PSLBs) containing a specific receptor lipid were pre-
pared on porous silicon nitride substrates. Subsequently, F-actin was bound
to the PSLBs either directly via electrostatic interaction or via the linker protein
ezrin.
Fluorescence microscopy was utilized to visualize the prepared PSLBs and
the F-actin binding. Indentation experiments were performed by atomic force
microscopy (AFM) to eluci-
date the mechanical proper-
ties of the PSLBs. The
apparent spring constants
of the PSLBs were extracted
from the measured force-
indentation curves. In our
system, the determined
apparent spring constants
directly correlate with the
lateral tension of the PSLBs.
We analyzed the lateral ten-
sion as a function of F-actin
coverage.2534-Pos Board B226
Using Hydrodynamic Flow to Concentrate Membrane-Associated Proteins
in Free Fluid Lipid Bilayers
Aurelia R. Honerkamp-Smith1, Peter Jonsson2, Raymond E. Goldstein1.
1Applied Mathematics, University of Cambridge, Cambridge, United
Kingdom, 2Chemistry, University of Cambridge, Cambridge, United
Kingdom.
Biological organisms generally maintain their lipid membrane composition so
that the membranes are fluid at the growth temperature. This means that the
lipids they contain can be moved by hydrodynamic flow in the fluid surround-
ing a cell [1]. Some organisms use flow deriving from their own movement to
preferentially concentrate external proteins in the lipid membrane surface [2]. It
has previously been shown that lipid-anchored proteins protruding from a sup-
ported lipid bilayer can be concentrated or dispersed by fluid flow applied to the
membrane surface [3]. Here we investigate the effect of similar applied micro-
fluidic flow on free, non-supported bilayers containing a low concentration of
protruding proteins.
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Lipid heterogeneities, such as lipid rafts, are widely considered to be important
for the functionality of membrane proteins by causing protein sequestration.
However, the underlying mechanisms of such sequestration processes remain
